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mm- 



m&m i ] i mommm^m 



;#&^FM7t;-r3 3i:£#$t£-t3, (S) - 4 -/\n - 3 - 1 Fn dp $/» 



m (a) (c) J:yjS*RStiS. 1 lcfB«<Z>#&o 

(a) Ufm^ : 1 KliB^<Z>7^ >>M2^£&£#>A?R 0 

(b) ®B#J§# : 1 lCgE«<Z>T^ 7 ^BB^JlCfc^T 1 $.t=.l$&$k<DT^ JMtftt 

fett^CD^«:$:^3S7cL, (S) - 4 -/\n - 3 - Kn ^rS/Wiftaix^^/ 
£ £ £ W £ * > A° ? So 

(c) fB^IJ^-^ : ElCfB^&SIB^ej&SDNA^Wyy £V XtSDN 

^ttSr^MjcU (S) -4 -j\u- 3 -n Fndf S/M^x^i/fc^-tS 

13 (a) (c) «k»;aiRS*i*. HC|B«©;£8U 

(a) BB^(I## : 5tC|E«<Z>y5 7^SB#J^e>&-5#>^fCo 

(b) @B^JH# : 5 ICfBS^T^ ^@B#Bc£vnT 1 *fcM:|K8t©y ^ JWttftf 
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fctt*©8N£#&*3£a87EU (S) -4 -AD- 3 -fc KD3f S/g&^xX^;!/ 
& "T £ fi5 tt 5: ^ i" -5 # > A° * ft „ 

(c) BB#J## : 6Kl3B«©&3SBB#J#&fc5DNA£A>f :7y ^>fXt*DN 
Attn- KtS^>/^St^ot, 4 -ADT-fe hSfcftai^^l/Sifcte-tCDaS 
*#&^F»5cU (S) -4-^n-3-H FD^r>>Iix^r;i/5:4^t5 



&*3Fjt7frr« (S) - 4 -ad - 3 - 1 Fn ^pi/ltxx 

[Sff#^9] T-fe h7tfjl/-C o Ait^^Hi*^;^ h-7 • a.- bD 
[itS 1 0 ] T-fe h7tfjV-C o AM^BPf?i#TSa (a) (c) 

(b) B!#f#-£ : 9 lcfH«(Z)T^ y Mftffi^JtC fc V^T 1 i: £te^$ttf>T ^ 

b<&^(Df§##£^M7r;U (S) - 4 - AD - 3 - M Kd 3f S/ifr^:3:;*7 : - 
;l/ £ £ f£ f £ *g ffi & # "T £ * > a° ? ft o 

(c) fB^rj#-^ : 1 0{CfB^®i&ME^J;fr£&SDNA£A^y ^VX^SD 



fls£*5in§7GU (S) -4 -AD -3 -M FU*i/mm^X'rK$:£.l8 l 



[ftSl 2] 4 -AD 71* hitxxf;i/^4 - ^DDT-fe Mflftai^^ 
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[0 0 0 1] 
[0 0 0 2] 

, A°>^#&£*fi££^£ffl^fc^^M7G& (J. Am. Chem. Soc. 105, 5925- 
5926 (1983), #ggHg61-146191#^#^) & iftffcl&iftT A>»«tCfeV^ 

T4-AD7t b»Bft:£:*^/l/€:3t7fiL(S)-4-An-3-fc Kn =Jf i/fixxf;^ 
^JE^-rS^^i: bt, D-en2yme-l,D-enzyme-2(J. Org. Chem. 56, 4778-4783(19 
91))##^£;ftT^So 3 *l £> (Z> 3 D-enzyme-2&, ^ift^ lE3Bgfl»a• 
/&^gt^&£ Zl £:#5tl^£;flT (J. Am. Chem. Soc. 107, 2993-2993(1985)) 

o 

[0 0 0 3] 

WVA3t^3l«ar© (s)-4-a n-3-n Kn^^Itxxf^&^bt^tS r i: 

[0 0 0 4] 

/1>^«&C;i3V^(S)-4-/M3-3-fc Kn 3f i/mm^X'rJVO&mzZ.iZ 
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[0 0 0 5] 

^xx^^sr^-rs^ii^^^^tis^, Aymmmmm^mmit. 1894 

7^ ^Ut'^iZOWOa-iJ-^^^ 20517^ J ^T'^^F*22^9^f 

0g-t^ryh(J. Biol. Chem. 263, 12315-12325 (1988) ) ffi a 6 £ 6<Z>^-£-fl£ 
£7£j£l/T£ l J (J. Biol. Chem. 253 , 4464-4475(1978)) , 0 ->r hS^Mjn^S 

(ACP) fgtt. ACP-S-r"fe^^/h9>^7a:9-^fStt, ACP-S-^D— 

^ 7 3i 5 - if Mtt* /s -4- h r is jv-kcp^mmmm®.. e -t k n * 2/ r s/^-acp 

Htt* JRiStt* 3c y >f /i/-ACPai7c**?Sffi fe J: ^ $ ^ ;i/ h 9 > ;* "7 m ^ - 

ifff^^"^^^^-^^^ FAS1,FAS2£ 
f£^$-tt£#, ^^li^ffi"e^^^ofe^#@$tlT^S(Ann. Rev. Biochem 
. 52, 537-579(1983) )„ 
[0 0 0 6] 

l&fl? (Biochem. J. 109, 312-314(1968)) *T Jh^VJ (dimeth 
yl maleic anhydride) \Z&& U Vy&femK. J; »J $S£tC»fc3*fe a--^^n^ 
y h#MT*ii/3->?r hr^;i/-ACPM7i?Sffi?:^$^VNr^^#^$tlTV>S (Eur 
. J. Biochem. 94, 189-197(1979)) e 71r hH^X^l/XX-^bMTttfS 

tttta6|8 6flK&<Z>ggfi£|*-&Jft#il*' , e li^ $ I 2 , a 2 0 2*ti£ (#^4807?) V(D&7 
h»»x^;i/:n;*^;i/&7cMtt&jSt"fc0>*£ (Eur. J. Biochem. 172, 633- 

639(1988)) ms&M&f&mm<D4-j\uT-b hmmM7bmm<DmmizE<D 
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[0 0 0 7] 
[0 0 0 8] 

fllB&»^»iRtt, •t©ll3S^&JeilT©4-3©*>r^'(lA,lB,lc,llM)K:^'3BS 

4x£ GB?£fl;3*!Uft3*]g4H!ft I ,p34-37)„ fc: MProc. Natl. Acad. Sci. U.S. A 

. 92, 8695 (1995) )£ if ©Sf^tt, ^^*25^@^© a -^^rL^vy h (Z)jjx^zi4 
^(^*^50^)^J:lH8ffi^©HIM^^*?S'f£^T§:#-t^IAMS:^-r-& 

*f%>?s (Brevi bacterium ammon i agenes , Eur. J. Biochem. 247, 268(1997))^^ 
Zlrtty^r U • X;* ^Yf-f X (Mycobacterium smegmatis, Physiol. Rev. 56 
, 339(1976)) & if <Z)?il@T*&:^*^25:tf<Z) a —^zT^—v h^a6^JtS:^L 
, HJ»BI^J«fiSSiR?gtt^TS:^'r*I(^S:^-r*. iz>f 3 ?y ^^-(Brassica 
napus, Biochim. Biophys. Acta. 1120 , 151 (1992)) & ifCDft^^^S, *fl§®( 
Escherichia col i) £f©i&H®, ftftftB, ^>f;P^^iflCfeV%Ttt> BSl&gt£-J$ 

o 

[0 0 0 9] 

hT^;i/-ACPM7t:^^ iMS^(iA f lB,lC)CJt*T*3ttttffc*tB# 

#^-*=fej/J>£ < h©#^*#20, 000-40, OOOgfiQ, SH«H 

M^j&g£ltllI*aHc, 4-nnr-fe h@t^xx^;i/£jt^LT(s)-4-/\n-3-t: K 
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u^-^mm^^'r^^^^^m-ttH^ (S)-4-/\n-3-b: Kn3f5/BHft 

^jwD-mmm-e ©it^ifefii^M & mm l & cs) -4- a d -3- 1 k n 

[0 0 10] 
[0011] 

It, D^4tM^lC^fb?Sf£S:^t-3i:^#^$tlTVN§ (J. Biol. Chem. 240 , 
618-621(1965)) #2gt$?# te. Ifif 0lC«f 4-* n 

sfcA^&fltfStt&wS'f, 4-^nnrt bmm^JVizM^ritmTia)^^ 

[0 0 12] 

BIJK^ (PHA) 4^&MtSil01^t^S7t hr-fe^^-CoA»7fi»* 
jftte^- (~-JtB&CphbB££tephaB£#££nT^5) U itl £ Ti2 h T"fe 

^;i/-CoaMtc®^^, P->rbTi>>)i-kCPm7Xi&m£.mmz, A-^numbB 
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■X b D 77 (Ralstonia eutropha) J;*J#gtb, ;fcfl§K JC^A bTH! 

o 

[0 0 13] 

mm±<DM.7t&m£ LTftm-tZt^z). (s)-4-?an-3-t: Kn*2/» 

Wt x * ;i/ ^ t C £ o T 0 $. b V x ft « £ ^ f £ Zl h & Jt, ffi b . 
[0 0 14] 

5/;i/-ACPjS7B»* SifcttsKy-js-tKn* S/fl§IKI*£*&J** l 

^tc#ffi$*T, (s)-4-^a-3-t ^u^-i/mm^^^^m-t^mzm 

b, £*;A#fl9K:B:, 

U r-^n^^r >M7cSliii£JBv\4->'\n7-fe hit^x^^;i/% b < li^©^^ 

(S)-4-AO-3-t Kn 3f $/@S^xx^;K7)M 

. (1) lcg3iKtf>#&, 
(3) 0->r h7i/;v-7i/;i/^r^ U y-^D-r^ VJftTcWiR^TIH (a) fr£> ( 
c) J:»J384RS4xS, (1) JC.ffi«©*^ 

(b) m?m-%: i icga«©r ^ swmmzis 1 *fe»tt»©r$ 
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^FilTtib, (s)-4-/\n-3-n Fn^r^M^^x^;i/S:^^'te?S'IS?:^'t§^>A 

£$t£#fE&3fcT&&, (1) CSB^ 
'JXfift$)5, (4) lCfB«©^M, 

(6) /S-^ hT^;i/-TS>;p^r-V l JT-^"n^^>M^^^TSH (a) ^e> ( 

c) &vmiR2nz>. (i) jcib«®*«6, 

(b) IB#J## : 5tcSE^tf>T^ 7^B2#UcfcV>T 1 2: £ &^f&0>y ^ 
«^-(D^#:S:^M7cL, (S)-4-AO-3-t Kn ^rS/SHIx^-r-^Sr^^StS 
( c ) IB^rj## : 6 lCfB«©&SBB#[#* £> & S DNA A >f :7 U *f>f X"T S DNA*« 3 

(7) 3KD-/3-H Kn*S/ffiffi^£^/*& &7"fe hT-fe^-;i/-CoA5i7t:^ 

. (7) icga«©#&, 

(9) r-ir hT-fe^-^-CoAjlTc^^^^^x h^T • hn7rfi$T'$)S, 

(8) JCSB*CD*t6, 

(10) 7 12 hr-fe^^-CoA3B7fi»jR^Tffi (a) frP> (c) J: »J »ft 3 *i S , 

(7) icga*©*^> 
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(b) @B#J## : 9lzmM<DT$ Smmmz&^T l$.fc\,ZMWia>T$ SWttftt 

(c) SJ#f## : 1 OJC8B«©S3IBB^e>3Ss5DNAi:A>f ^X-TSDN 
tt&^STcU (S)-4-An-3-t Kn^rS/SSfcx^^Sr^-tSflSttS^-rs 

(11) 4-7\nr-fe bBfttx^-T-zi/aM-* n nyt hftxxrAt^s, d 

) (7) icta<£<z>#&, 

(12) 4-AD7-6 Mf^x^f;i/^4-^nD7i2 h»ixf Ax^rM^S 
, (l) *fcl± (7) lcf2«tf>:£&> JCH-TS. 

[0 0 1 5] 

*»W©(s)-4-/\n-3-i: Fn*$/Mfcx;*^/i/©£g#ifeK:;j3v*TW:, UM 

<Dmffimit&Bm*nf&-t2>mm(E.c 1.1.1.100), ^r=.it?M^m^m^.-r 

§7t hr-fe^-^/-CoA3B7C»3R (E.C 1.1.1.36) £MV>£^££#$c£:t-£. IIM 

©fllflfrI*^J«fi^&«lfc*-5»3R(E..C 1.1.1.100)1*. a-^^a— y h©aix^zl 

*3tMtfJC«tB##ttT?, ^Mfc/hS < N £>£^*#20, 000- 

40,000^^), SHi$^T*ffl^$n&v%£v>e>#$c&^t'£ 0 r£>£&>, (S)-4-/\ 

[0 0 16] 

(BI#I## : 1, J. Biol. Chem. 267, 5751-5754(1992)) , teMM&&<D0->r 
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h 7 1/ A-kCPM7tBM (@e?'J#-t : 5, J. Bacteriol. 178, 4794-4800(1996)) 

mthXit. yt^-J • TV^-J ^-fe^An^#>*(Actinob 

acillus act inomycetemcomi tans, Biochem. Biophys. Res. Commun. 230, 220-2 
25(1997)), • X~f?-)\/7» (Bacillus subtilis, J. Bacteriol. 178, 4 

794-4800(1996)), X^/ailltlT- 3 U (Escherichia coli, J. Biol. Chem. 267 
, 5751-5754(1992)), ^ nAif^ U V A • H£\Z7. (Mycobacterium bov is, Scien 
ce 263, 227-230(1994)), ^n/^r'Jf A • X^^*7f^^ (Mycobacterium 
smegmatis, DDBJ Accession number U66800) , ^n/t^f'^A • VKjVftt 
1/7. (Mycobacterium tuberculosis, Mol. Microbiol. 15, 1009-1015(1995)) 
, ~?U y^Jt—JW^r V *7 k> • i/*? — V — — (Prop ion i bacterium shermanii, J. G 
en. Microbiol. 127, 121-129(1981)), 7 h Vf h Zl v it} 7, • -J J -Y =E~x (St 
reptococcus pneumoniae, W097/43303) , i/^3i/^f-f^S (Synechocystis 
sp., DNA Res. 3, 109-136(1996)) , — b3f • 7'Jf-f 7 (Thermotoga mar 
itima, J. Bacteriol. 178, 248-257(1996)) , tf^"U>f • /\ — «*>f (Vibrio ha 
rveyi, J. Bacteriol. 178, 571-573(1996)) , ^^7^7^ • Jy?}l3iy4f 
(Haemophilus influenza, Science 269, 496-512(1995)) t£ ¥ faj&(D & -tr h7 

tLXlt. (Allium porrum, Plant Physiol. 115, 501-510(1997)) , t/U 

<i 5?-?-yC:HArabidopsis thaliana, Biochem. J. 283, 321-326(1992), Plant P 
hysiol. 115, 501-510(1997)), -fe>f a^T^^^"(Brassica napus, W096/02652 
), "^"7 'y'O — (Carthamus tinctorius , Arch. Biochem. Biophys. 217 , 144-1 
54(1982)) , $7-{ T ' ^yi/JtV— % (Cuphea lanceolata, Mol. Gen. Genet 
., 233, 122-128(1992)) , (Hordeum vulgare. Plant Physiol. 115, 501- 

510(1997)) , Ttfll RPersea americana, Biochem. J., 271, 713-720(1990) 
)> A# (carrot. Arch. Biochem. Biophys., 300, 157-163(1993)) , =L— 9 U 
± - ff^i/VT. (Euglena gracilis, J. Biol. Chem., 255, 1504-1508(1980)) 
, t}n^ U>y ^(Spinacia oleracea. Plant Physiol., 69, 1257-1262(1982)), 
h ^ n n i/ (Zea mays L., Plant Physiol., 115, 501-510(1997)) ffijfc© j8 ->T 

1 0 ffi§E#¥ 11-3061390 
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h r v ;i/-ACPM7t;^ Jit & if # \-ft>nz>» 

[0 0 17] 

hrS/^/-ACP3fi7C#*S:3- K-TSDNA (@B#|#-^ : 2) ^tem® fijfe© /S -4r 
b T S/^/-ACP3Stc#* S: 3 - F1-&DNA (BB#J## : 6) * fcli^©— $S£y n 

-^4:lyTffi©5fe^e)W3SUfcDNAtc^ lx hu yv^y h«i*ftTT;\>f^ 

pat7c»*©ioffij^e>34fi©r$ j 7 s ? 4 4 >u #u * 

h7 5//l/-ACP&7tBSI*&:3- K*-*Ji^&«* fcfcnftB 
[0 0 18] 

/KU-jS-H KD^r^BliK^ (PHA) tt, TKSiiiTO (T 'J >f * X (Alcaligen 
es) jg) . (Aphanothece) % ZiMMfeM (Azotobacter) , ;tf;wl (Ba 

cillus) , Z/=L~- F^E^XM (Pseudomonas) „ yb&ffiMtH (Rhodospiri 1 lum) 

3->r bf-yt^-H (3-ketothiolase) , Tir h T-fe^;i/-CoAM7ti^^ ( 
acetoacetyl-CoA reductase) % U - 0 - t Fn S/fllJ&fS&'w J&Sit (PHA syn 
thase) frib*ilJ&£;ftTV^„ -£tf>t£T, 7 is h T-fe^^-CoAM^itli, 

3f K7f->^^ ^ K'J >K (NADPH) L<taflj;gL-^ 

iiitttli, <fc y ^ffiT^^tt^i^v^MTcM— 3^>T^ FT-?— > 

S?5t^U^K (NADH) %;5pJfflT- XH^JC^^Jt^«5o 
[0 0 19] 
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;U£, TS/* h A* # — • XXtf-RA3849 (Acinetobacter sp.) h 
T-fe^b-CoAjtjt^ffi (J. Bacterid. 177, 4501-4507 (1995), J. Bacterid. 
, 177, 4501-4507 (1995)) , ^)V7.b — T • =L~bU?T (Ralstonia eutroph 
a, \B%t7JV3j V>f*Z> • rL— hD 7 (Alcal i genes eutrophus) )ft$fe(D7 
•fe b 7 -fr?- J\/-CokMrt&M (FEMS Microbiol. Lett., 52, 259-264 (1988)) , 
7^*'jy*^- (Alcaligenes latus) m%;<DT± h 7-fe^;i/-CoA5i 

TcSfSR (J- Microbiol. Biotechnol., 6, 425-431 (1996)) , 7 frijV >f*7> * 
X^tf-SH-69 (Alcaligenes sp. ) ft^ODTt h T -fe ^ ;i/-CoAMfc^* (DDBJ 
Accession No. AF002014) „ T X /X bfU^A • ~f : yt/VZ/7s (Azospir i 1 lum bra 
silense) m&<DT1Z b T^^JV-CokMicWM (J. Gen. Microbiol., 136, 1191 
-1196 (1990), Mol. Gen. Genet. 231, 375-384 (1992)) , 7 s JbK9 9 — A 
>f 5? a: U > ^ — (Azotobacter bei jerincki i) ffi5fc(D7-fe h 7-fe^;i/-CoAM7t;^ 
m (Biochem. J. , 134, 225-238 (1973)) , A^;i/* • *ifrWJ* (Bacillus 

megaterium) &&<D71Z b7^^ JI-CoAMtcWM (Can. J. Microbiol., 41(Su 
ppl. 1), 77-79 (1995)) , i'DYf fA- tf7--^ADtt (Chromatium vinosum 
) 6^CDT-fe hT-fe^;b-CoAM7t^^ (Eur. J. Biochem., 209, 135-150 (1992 
)) , 31^7 h^>Tn KXtf^ • =L — n tf— (Ectothiorhodospira shapos 

hnikovii) fi3fc©7i2 h T "fe 5^ ;1/-CoAMtC^^ (Appl. Microbiol. Biotechnol. 
, 40, 292-300 (1993)) , - )\z"r^7s (Lupinus luteus) &5fe£>y-fe b 

7-k*)l-CokMjtBB (Plant Soil, 56, 379-390 (1980)) , ^fD/t^fy"? 
A • X^X h — #X>;* (Methyl obacterium extorquens) S5fe©T"fe hTiZ^ 1 
;i/-CoAjg7C^i?t (FEMS Microbiol. Lett., 156, 275-279 (1997)) , *?-U/<\9 
■f-WI* • U^i/T-f-J* MB 126 (Methylobacterium rhodesianum) ft^GDTi* 

br-t^JV-CokMjbWM (Arch. Microbiol., 161, 277-280 (1994)) „ A^n 
V j37« ' b V ~7 -f jj >7> (Paracoccus denitrif icans) fi5fetf)7-fe b y^E=f- 
;i/-CoA5§7C^^ (FEMS Microbiol. Rev., 103, 257-264 (1992) , FEMS Microbi 
ol. Lett. 133, 85-90 (1995)) , i/a.— b^i~^ * X^tf— (Pseudomonas sp. 
) ffi5H(DT-fe b7±f-)V-CokM7cWM (DDBJ Accession No. Z80156) , V S J\Z 
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• ;Utfn (Rhizobium lupini) fi5fc<Z)7-fe h Tir JV-CokMjtWM (Fiziol 
. Rast. (Moscow), 27, 544-550 (1980)) , Wlf^A- ^'jDr>f 41 (Rhizo 
bii» ■eliloti£&&, S/ / U !/ ^ A • ^'jOf-{ Sinorhizobium meliloti) 
fi3fc(DT-fe bT-fe^^-CoAMjcBlfit (Microbiology, 141, 2553-2559 (1995)) 
, □ • ;i/-A-NCIMB 40126 (Rhodococcus ruber ) fi3K©T"fe hT 

i2^;i/-CoAM7d^^ (FEMS Microbiol. Rev., 103, 93-101 (1992)) . i/^zin 
yijT, • aiXbf- (Synechococcus sp.) fi^OT-fe h T"fe^;i/-CoA3S5c^^ ( 
#INi¥08-187085) , i/y V It =£±7. • ^*^/7i>f ■ -fr fcT - 2/ - X ■ 
7^jb7i>f (Syntrophomonas wolfei subsp. wolfei) Ef|5|£C7)7"fe h T"fe^"^ _ 
CoAjt7ti^^ (Arch. Microbiol., 159, 16-20 (1993)) , =f-7kj3Zf+]r • 7i-¥ 
— (Thiocapsa pfennigii) faM<DY^ hY^^)\/-CokMfcMM (Appl. Microbi 
ol. Biotechnol., 40, 292-300 (1993)) „ X— tfU XT • ^ ^ tf 1 ? I-16-M (Zoo 
gloea ramigera ) &Jfc<DT1z h Y JV-CokM.7XlBM (Arch. Microbiol., 114 
, 211-217 (1977), J. Biol. Chem. 262, 97-102 (1987)) & £ 4l£„ 
[0 0 2 0] 

^©T-fe hTiz^;i/-CoA^5t:^$:3- F"T -5DNA(fE^J## : 1 0 ; MMi<£>7 

-f &ri:#«rtg-e&£ 0 $^tc, ^u^^-if^MiS (pcr) fcffjJBU m*. 

£fc«:cDNA£gi§5£ IT, Tiz h 71z^-;i/-CoAjt7G#3Si : £: 3- K S itte^ & S 
* <Z) £4£j#> £ &m 1" & - £ & ""I IS Tf & £ . 
[0 0 2 1 ] 
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(D&MZift vtt&Z: 1TB, BAL31:n:3f V*? U7-1?IIl£ffi^£:£& 

, Kunkel& % PCR£MV^:£& (^3K^-n-T;i/il^X^||3Mp219-p230, jtl 

^xr^/m^^vf^mm^mm^miz^xm^^^t^mx^^ 

o 

[0 0 2 2] 

-fe^;i/-CoAM7t^lC*^E n - £^ U fllM^^PHB^h |Q&&ttM87? 

UXtK^ • (Saccharopolyspora hirsuta) fi3feactiaM£^tf>;fr — :/> 

y-f-f>^7l/-A (0RF) -3itte^(Mol. Gen. Genet., 240, 146-150 (1993 
)), Y Y V-Y-feX - i/Zs-f-^^ y (Streptomyces cinnamonensis) ffi 
3fc © BtflEact 1{C /ft L> ; E^>^/> (monensin) ©£-£-JE£{Cg9#-t"£ 

h&fctlSSt&^ftCAORF-S (Mol. Gen. Genet. 234, 254-264(1992)) , X h 1/ 
:/ hY>f -feX • 3 JiU (Streptomyces coelicolor) &&T#^JUi?y 

(actinorhodin) £-&J&it&^actI Hit-fis^- (Gene 74, 305-320(1988)) . X h 
l^^hV^ft^-^'J^l^^ (Streptomyces galilaeus) fi3feT?^t:V> ( 
Aklavinone) ^-^atte^aknAQ. Bacteriol. 176, 2473-2475 (1994)), 7.Y 
U^hY'ft^'XXtf- (Streptomyces sp. C5) fo$k#*7 J T>f > (dauno 
mycin) £-£j&3tfc^dauB (J. Bacteriol. 176, 6270-6280 (1994)) „ X h X/^f 

* tT^*^-fe^;i/ — A— (Streptomyces violaceoruber Tu22) ft^fe^ 
'y-f-^Vy • /}% U -trf 1 F'o'^^^l (Granaticin polyketide synthase putative 

ketoacyl reductase 1) ©0RF-5, |SI-&/&Si?l2CE>0RF-6 (EMB0 J. 8, 2717-2725 
(1989)&£) ^^t!50^(nodulation)lcK#-r-5»^ (UV^#A- )l'jDf 
(Rhizobium meliloti ) RCR2011 ffiSfcnodGa^^ (Nucleic Acids Res. 14, 7 
453-7472 (1986)) , (heterocyst)^^lC jB-^-T Slfef (y^-^rc-*- 
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• XX if- (Anabaena sp. (PCC 7120)) ft* hetNit-fc^- (J. BACTERIOL. 176, 
2282-2292 (1994)) t& J t(DM%~€& : £>WtM( P h 7 is JlMiriWtMte 

[0 0 2 3] 

mt>\ 4-;\n7t hwm^-^'r^t.r=.it j t<Dmmi^^M7iv. (R)-4-/\n-3-t: 

[00 24] 

m ic £ v % t 0 -t b r s/ ;i/-acpm5c#^3»^^- £fc&y-fehy-fe^ ;i/-coa 

T h7i/J\y-kCPM7ii&mffi&$.felZ7l2: h T-fe^;b-CoAMfc^*^tt?:^-rs >K 

^il^T?^S^%T^tl^{CM^«J&<. JWfrWKHi, xi/i'Jl:7 (Esche 
richia)J§, A^-^l/X (Baci 1 lus)M, i/zi— K^E^X (Pseudomonas) Jg|, "fe^^T 
(Serratia)M, ^Ubf A^-r V t> A (Brevibacterium)M, n'J^/^f'J^f'JA 
(Corynebacterium) Ji, ZK h 1/ ^ h Z2 y j] 7* (Streptococcu) & h 

Lactobacillus)^^^^^^ ^-^©^^tlTV\-g>M@> t7*D7^t^ 
(Saccharomyces)/p§, #:7>f KD7>ft^ (Kluyveromyces) J§, "9* y n V >f 
•feX (Schizosaccharomyces) j|§, ^zfij-^y^jnv-^f "fe Xj| (Zygosaccharomyces)^ 

1 5 aj$E4#¥ 11-3061390 
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■YD y (Yarrowia)M, hU 3^jKD > (Tr ichosporon)M> n K^jK'J S?9A 
(Rhodosporidium)^ 5* 5 (Hansenula)M, tf 7 (Pichia)fl§, ^•V>'T r 

^ (Candida) JR fc*f©S#, y >f n X aK^ (Neurospora)M, yTs^Jl/SfJbT* (As 
pergillus) ,t77 D^sfCU # A (Cepha 1 ospor i um) JS> h U nir^l/V (Trichoderm 
a)«& if (CM-T -5 # tf tlS o 

[0 0 2 5] 

J^K«il#©f^JS©fc«>©#IKfeJ:tJf*i56tt, £«X3*, 
X^©^S ; ^CfeV^T«m^tlTV^-^>^^cmCT^T•5r £j)'T*£Z> (Mill Sa 
mbrook£>, tl/^a^ - «#n — — Cold Spring Harbor Laboratories),, 

£c£^t, &mm<De-*hy*sj]'-kcpm7mmMte3'±fc&y j & 
szl- ^ hK^r^^zfu^-^-^^i^mcDDMoy^ m±^z > 

§tM8 3ftte^X^ • ££ffiJtgj , #JC»#K:RUTM:, Adv. Biochem. Eng. 43, 
75-102(1990), Yeast 8 , 423-488(1992) & if iCpjffllCfBi&^tlT V^„ 
[0 0 2 6] 

li/x'Jl:7E #{C>^iia (Escherichia coli) iC&V*T&, 
^hM^^-ilbt, pBR, pUCm^*^ K£ftJfflT*i£, lac( /8 - #9 ? h S/ 
--t?),trp(h U ^h"7T>^^n>),tac(lac, trptf)i&-£) , A 7 T - S?PL ,PR 

^iftcS^i-s^n^-^-^if^fiifflT'^^o LT« 

„ trpA&jfe, 7T-^fi5ferrnBU7jfy-v;i/^-^ if £MV^z:i:# 

[0 0 2 7] 

A^bXStCfcV^ii, ^#-il l/TpUBllO^^vX^ h\ pC194^^^^ 
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^T-if ) ,amy( a - T ^ ^ - if ) & £##IfflT*£ 
[0 0 2 8] 

1/3. - F^^MlC^T^ J/3.— F^E^X • # (Pseudomonas putida) 
, is=l- F^X • "fe A° T (Pseudomonas cepacia) & £?l?fg£/<? # 

#{C L fefcm^m^ (RSF1010& ifiZ &WMmmiZ,&mftmfc* £ 

-g-fr) pKT240&£#*FJM«rfgT*&*;, ^n^E-*-, #-i**-#-£LT> U 
A°-if (#gS^5-284973) E tfflJMT'^ 

[0 0 2 9] 

revibacterium lactofermentum) lC;}3V*Tte\ pAJ43(Gene 39, 281 (1985))&£f 
[0 0 3 0] 

'J'JAI, #IC, a'J^A'^f'J'JA * tf)l>% Kill* (Corynebac 
terium glutamicum) {C& pCSll (4#gMHH57-183799) ,pCB101 (Mol . Gen. Ge 
net. 196, 175 (1984)& E(DZf^7. ^ F^<? # - WJJg RTfbT?&5o 
[0 0 3 1] 

X M/^ K^y #X (Streptococcus) MlCfcVATW:, PHV1301 ((FEMS Microbio 
1. Lett. 26, 239(1985)) ,pGKl (Appl. Environ. Microbiol. 50, 94(1985)) 

[0 0 3 2] 

"yV SA^;i/X(Lactobacillus)MlCfcV^i3:, X Y F n V tiXMHizm 
3$£*l£pAM/3 1 (J. Bacteriol. 137, 614(1979)) & £#5fclJffi"5lfgT*& »J . :7°rj 

^ - # - h i/ t * Me t* mm s ti r v * s % © #f m »tib & s = 

[0 0 3 3] 
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V>f-feX(Saccharomyces)M, ^tCi^^^DV^-fe^ • -febtT^Trc( 
Saccharomyces cerevisiae) lc£ V>T YRp^, YEp^ft, YCp^, YIp^^"^^^ 

K tfrnrnvSm X* & U , Ifefeft f*f &c# n fcf - -T S U y - A D N A i: ©ffi H Jlfl 

&>L$:ftJML£-Y >-5^l^-S/H (EP 537456 J& if ) fc*, #ntT-T* 

. ADH(y;i/U — ;i/BJ£7fc^ll^) ,GAPDH(#*U -fe;i/T ;i/irll K-3-U 

,PH0(^'|£y#;*:7 7#---fe?),GAL(j8-;#^* h>>#-i?),PGK(*;*v}^*y iz l✓- 
h^:^-i?),ENo(x/^-i£)&£?(D:/^ ; e-#-. z - $ * - $ —t>mm~*sife 

[0 0 3 4] 

i'^^^nY'ft^I, ^iC^^^f^DV-f iZT, • =yV*r4 7. (Kluyveromyces 
lactis)tc£v^&, f>y*n?>ft7 • -fe l/bf^Txffi3f52/*m^y9X^ F,P 
KDl^y^X^ F (J. Bacteriol. 145 , 382-390(1981)) , 3f 9 -?SffilC|ii^1- 

SpGKHfi^y^^^ F,^^-r^n v>f iz*«lc;fetf£©#ff5i}t^KARS^:/ 

F,U3Ky-ADNA3&if £©*BP^fig!;tic£ y*£fe#i£ic-f For 

H^^^^-^^X^ F (EP 537456&if) & Wftjffl *i&X*2b2> 0 ADH,P 
[0 0 3 5] 

y v iJ n ^ "fe J* (Sch i zosaccharomyces) fC £ V ^ T I*, ^yt i y^n7 

-#3pJMoTtBT*&£ (Mol. Cell. Biol. 6, 80(1986)) „ £/ y +T >y # U V 

-Y-fe^ • JJO^ajlKDADHyn^-^-^if^JffiT^S (EMB0 J. 6, 729(1987 

)) c 

[0 0 3 6] 

v 1) 0 T-f «fe ^.M (Zygosaccharomyces) IC £ V*T l£„ ^ rfit ^^DT^f 
•feX • □ !j7 ^ (Zygosaccharomyces rouxi i) £&5|S0)pSB3 (Nucleic Acids Res. 1 
3, 4267(1985)) & ^ F^? # - WJfflBTtgT^ y , it^y* 

nv>f-fex • -fe i/if ^yxfi$fcPH05yn=E-#-^, ^ rr-tf-y #n v>f -fex • n 
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(Agri. Biol. Chem. 54, 2521(1990)) & iftfjpjjg HlfgT&So 
[0 0 3 7] 

^>-^5?^(Hansenula)M^^V>Tli, 7\>if5*9 • 3tf V ^fr? 7 (Hansenula 
polymorpha)^C^V^T?g±^^^-^!^g§#§$^^TV^§ 0 /<^^-i:UTtt, 

• 7 W^TS*^ (HARS1.HARS2) fcjflJJB 

y&m%J-(:2bZ> (Yeast 7, 431-443(1991)) „ % J —Afa 

3A0X (T;i/3-;i/^^s>^--^),FDH(^TO>!Km^)©^ , n ; E-^-^if^J 

[0 0 3 8] 

tf3f TtfichiaJMlC^Tte, tf^PT • A* hU (Pichia pastor is) & iftC 
If =¥7 &#«3SJCM#^-*3t^(PARSl f PARS2) & £ &5ftJS Ufclt^* # 
-*««W»S*lTtey (Mol. Cell. Biol. 5, 3376(1985)) , iStftfig^ili:^* 
J -}lVm^Mteb0XteE&±fi£7U : £-$-i>mmT* : gZ> (Nucleic Acids R 
es. 15, 3859(1987)) „ 
[0 0 3 9] 

>t4 #"(Candida)MlCfcV>T&, ^P-V^^W # • h —i^ (Candida ma 
ltosa), 3p -V ^-x-f • TJl/^iJ >X (Candida albicans), 3p -Y > ir -f # • hn 
tf ^7 U 7s (Candida tropical is), 3f -V > J # • (Candida utilis)&£f 

tt^-Y^-r-f $ • r*-if-fi3feARS## n-n>^*$4x (Agri. Biol. Chem. 5 
1, 1587(1987)) , cn*i&fUffiUfc^**-#W»SttTV*&. ^t^t* 

n^-^t-tflJWBStlTV** (4#|»¥8-173170#&#) - 
[0 0 4 0] 

T;*^;V^;i/;*(Aspergillus)JRj;:£V'>Tta, 7X^;i/^f;i/7, • ^#-(Asperg 
illus niger), 7X^V¥W • V 2^— (Aspergi 1 lus oryzae) & if If <Z)tp 
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(Trends in Biotechnology 7, 283-287(1989)) „ 
[0 0 4 1 ] 

h U :3^;i/^(Trichoderma)MJC33V , *T&, h V n^rJW • U -if^f (Trichode 
rma reesei) &3pJJg L£f§£^* # -*#W*83*U 

3k-?U=E (Biotechnology 7, 596-603(1989)) „ 
[0 0 4 2] 

[0 0 4 3] 

«x 3^ t« v^tis,, uth:, #9*.&, <*&tcg 

JSv*££K©»£tt, its, o.i~20%*i?*>y, b<&i~io%-efc& 0 £fc 

„ J8V*SlMRAtt, 0.01~500U/«l-iRj5SIS[*e*>y> b< &0.1~50U/m 

HRj£J*T?&&. fi/SmtCttMV^**©®*^**!©* (NADPHlfefcteNADH) 
£g^lC*fbT0.0001~5Mtft, b< ti:0.001~lSJ^&KfCJfcCT«S;ftrr 

iRfBm©*jKK:tt. #J*.tf, pH£;N£#-r"5£#><Z>M«$t (Mill U >IMft 
flrtt) fefflv^sriij^-e^S. ^\^rit>, h/l/x>, 

- M/^pHli, jIS, 5~9, ftt. t,<&5.5~8.0T?&S„ M/fttC J: *J -5 (S)- 

[0 0 4 4] 

NADPH^\S^i-S (PHA^^TU^-^ K<0^J*<fc iftCBB^S T-fe h7tf;i/ 

-coAas^s*^ /s h t s/;i/a*7n»*jc a, nadph£ m«i<, nadh*j jpjjg $ *i 
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T*t3 ift NAD (P) + jSjctg tt, ^JS^IC^OHI-X^X* / - 

JikWiM't&z. i:tc«k *J*i3&£-fr£ r htforfg-e&s., * fe, nad (p) + # nad (p 

[0 0 4 5] 
[0 0 4 6] 

(Escherichia coli) JM109#fc £LBigi& (Bacto-Tryptone lOg, Bacto-Y 
east extract 5 g, NaCl 10 g/L)7?3!ftt I/, # ^^ifeS-ffc <fc UQiagen Genomic- 
tip(Qiagen*±§g)£Jg^T, §£&#DNA£f|$g b fc 0 *&&<D ->T V 7 S//1/-ACP 
MtMMRJUS-? (fabG) (J. Biol. Chem. 267, 5751-5754(1992)) £PCR?n- 

->^-rs^«)ic, m&*t&*<D5* nag* v ^(Dmnzmz, ^^-yv-ecr- 

ATGl (5' -AAAGGATCCAACAATGAATTTTGAAGGAAAAATCGC-3\ IB#J## : 3 )&t*ECR-TA 
Gl (5' -TGCCTCGAGTTATCAGACCATGTACATCCCGC-3' , ffi^J## : 4 ) L £ 0 :*J® 

MCDWz&foVMZmMtL. ECR-ATGl.ECR-TAGlfc^^-i; L/T, PCR(95^C,3 
0#, 501C,l4h 75T3,2#) £ 30-9- >f 9 JUftW ftm&t£WmV>'7fl/tzftt=.. 
[0 0 4 7] 

^?>tlfcDNA^$:BamHI,XhoI©2^CDMm#mT*2MmfbUfec F 
^##-pSE420(Invitrogen*±$g) £NcoI,BamHI^IlMMttU ^l/; #W#*ra 
©B3HfcKJ5«:*TVV pSE420B&#£ o pSE420B£BamHI ,XhoIT*2M$ifl: U 



2 1 
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m ^mmmmr^mm^t v r=.pcRm^mn utabm y -trie & y mm u pse-ecr 

[0 0 4 8] 

pSE-ECRl"e^K^SI^^i:©ffiHB101tt (E.coli HB101 (pSE-ECRl)) £ T > tT 
S/y>50 mg/L$:-g-tfLB^^5mLT^^^#^ IPTG&0.1 mM^sflnU £e>&C5B£ 
TO#Ufco #e>*lfc®#:£Jfte^ $xfcf-Mf-#-8 (BIOSPEC*±$g)T?i& 

[0 0 4 9] 

[^I^M 3 ] &&<D 0-frbTi/ ;i/-ACPM7C^©3S7t;^'ffi 

[0 0 5 0] 

Mjtfe&OmfelZ. 50 mMy y ?A^®?£(pH 6.5), 0.2 mM NADPH, 20 

mM 4-^nnri2 hMfcx^MT-fe h@f^x^;i,S^H£©#Jl^<A^^lC&20 m 
MT-fe h»^x^;i/, T-fe h T-fe^I/nx^if >f AAMfc^ffi^M^^^^tCttO. 
2 mMT-fe hy-fe^l/iix;/-^ AA)&0^i^£^t^fSM#T% 251CT?£j£3lir 
1UI±, l^r^iCl/tmol©NADPH(D^S:il(^-r-5^*i:Lfeo tB!!5£££lfl£3i 
KC^b^o ^fJtf) TECAAj &4-# a n?t hiixf ;i/lXf ^5:, r E 

AAj &y-fe hB£&x^;bx;*^;b£, taasCoAj t±y-fe h y-fe^;i/- nx>if 

[0 0 5 1] 
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NADPH 
ECAA-R 


NADPH- 
AASCoA-R 


NADPH- 
EAA-R 


NADP + -R- 
ECHB-DH 


NADP+-S- 
ECHB-DH 




100% 


116% 


1.90% 


0.010% 


0.004% 



[0 0 5 2] 

^nny-fe b»$EX^;i/:rx^;i/^?frf££^U ^(Dit^mt. 0.90 U/mg-S 
E3^-e^>ofco ^"^X^ FpSE-ECRl&^^^V>HB101^(D»T«im#lC^ 

[0 0 5 3] 
[0 0 54] 

h U ^*BH8»IR(PH 9.0), 2.5 mM NADP + , 20 mM Hnn-3-t KO^S/ftBfc 

ECHBj &4-^on-3-fc: Fn^^Bl^^^^x^^^Sr^-ro 

[0 0 5 5] 

200 ■MU>H* U ^AJBI«?K(pH 6.5), 146 mM NADPH, 2% HDUTthi 

^x^;i/ (122 ■M)X^J6ffil2TWSSUfe/S-5rhr^-ACPai7£»SI2US:^t? 
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1 mL©SiS?RS:MV\, 20T!^lBfeMfS£l±£., 
[0 0 5 6] 

tfefflffi£250TC **jfe>f*>ft*m#(FID)lCj:yffofe. 
HOO-3-t Kn*^|frI&x^/l/:c;*5^iBMttl3.3 g/LT?&*K JR3S»66.3X 

[0 0 5 7] 

(9/2);RIttffi;SKJ6,0.5 mL/#nck Ui^bfc,, f©g^ 3fc^«^tt96.5X ee 

(S)JBtJ:T»*ofc 0 
[0 0 5 8] 

*I§@E&$fctf>/3->r hys/;i/-ACP3t^#f5t{ci:S4-? □ n-3-n K 

200 hMU U (pH 6.5) , 2% HDD7t Mg|xf ;i/XX 

■5^1/ (122 mM), l.OmM NADPH, £ -^r h Y )V-AC?MyrMMl IK 250mM 

io u ifjvn-7.B^mmm wytmmttm) z^m &jbv^ 2 

5TCT?16l$|ffl£j£;*Ht:fc. 4)-*f€:^J6ffil5©*astCj:yf?ofciB*, 98.4%CDiR 
mx% 95.4% ee (S)J£J_L<Z)4-# D n-3-fc: Kn^ % >SSxf ;i/X^f^^^ci 

[0 0 5 9] 

(Bacillus subtiis BGSC lAl#fc) £LBigit!l (Bacto-Tryptone lOg, Bacto 
-Yeast extract 5 g,.NaCl 10 g/L) #e>*lfc®flt J: UQiagen Genomic 

-ti P (Qiagen*±|g)$:/j3^T, Sg&flsDNA&filg #^1@<£> /S -*T V T S/;i/-ACP 

«7C»fRaie-7' (fabG)SrPCR^ n-->^*r-Bfe«)JC, flUiJfte^©^ -5fc, 3' - 
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5fc<Z>gB#I ZtkI^^J'?- BSR-ATG1 (5' -GGACCATGGATATGCTTAATGATAAAACGGCTA-3' 
, I2#I## : 7 )^.?>*BSR-TAA1(5' -GAGAAGCTTCTCGAGTTACATCACCATTCCGCCG-3\ @B 
^J#-^ : 8)$:^Ufco ttM©&£frDNA&«f3!fcU BSR-ATG1 ,BSR-TAA1 3c 

PCR(95TC,30#, 50TC,l3\ 75T3 ,2#) £30-9--f ? MrV^ # 

[0 0 6 0] 

#e 5 tlfeDNAir^-5:NcoI,HindIII©2S^©0J|S^T'2am'ff:b}to ^7^^ 
K K 9 # - PSE420 ( I nv i tr ogengg) & Nco I , H i ndl 1 1 •£ -fift U iDffl PS^ii T* 
2M?B-ffcbfePCRit(BWT^rfcT4DNAU3Sf--etC J: UJS^U pSE-BSRl£^fc 0 

Ufctf 5 , «TCD1M©*7 ^ ;HSI^B?)tlfc 0 t'-*^-;* (DDBJ(DNA Da 
ta Bank of Japan,) Access ion No. U59433) |Ei&tf>25&AlalC;|£^}-r £GCT7b*GAT 

5 Kfjk'S'o 

[0 0 6 1 ] 

pSE-BSRl-e?^a^^LfcAI©aHB10lW (E.coli HBlOl(pSE-BSRl)) £ 7 > fc^ 
U>50 ■g/L%^toLB*«l7 ■LT?ISF««Htlfe, IPTG&0.1 ■MSSftlU £6lC5BfP^ 

m^h&o m*>ftf=.m{fcZMm&> ^-^-m^-^-8(biospec?±$^)t^#l 

[0 0 6 2] 

[HJfeM 9 ] 0 -^r h T S//b-ACP3B7C#jRCD3g7tt$S1£ 

^J6«8T?#6ftfe^j|tHJteftim*S:Mvv4-^nDT"fe hBflftx^/i/, 7th7 

5£L£„ $!J5£M^£?52 ICiptbfco fcfc, TECAAj &4-? n D 7iZ h W?& 

x^-/l/x;*T\fl/$:, TAASCoAj «Tir hT-fe^;i/- =i3i>if>f i^A$:^-r o 
[0 0 6 3] 

[352] 



2 5 
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ECAA 


AASCoA 


S-ECHB 


R-ECHB 


NADPH 


NADH 


NADPH 


NADP + 


NADP + 


U/mg 


0.133 
100% 


o 

j 0.0% 


0.030 
22,3% 


0.002 
1.3% 


0.002 
1.3% 



[0 0 6 4] 

&->T hT*/)V-kCPm™Bm%:ftm^f~teMM%iliiW.-t:&. NADPH&#lft&c4- 

^nnrt hSf^x^i/^^^i/MTt^tt^u "tcDthfismz. 0.133 u/mg-g 

SH^&ofco ^5 KpSE-BSRl&-^£&VNHB101^©*T-&im$HCig 

o 

[0 0 6 5] 

^Sixf;vx^f;i/fcftsift?Sttl:l£bfe 0 SHbiStt £££094 

^h/u£»ft?S4£$:^3&;fro£o &fc> ^t^CD rECHBj tt4-^DD-3-t FD 

3r J/fixf ;i/ x ^ ;i/ 5: tj< t. 
[0 0 6 6] 

[HflSW 1 1 ] temffl 0 ->t V 7 *>;i/-ACP«5fc»3R©:ft#»&ft 

200 "MU >Mfc*U ^AJKflfflRCpH 6.5), 1 mM NADP + , 2% A-^UU7±bWWl 
(122 mM)^^ifeM8T's®^Lfe/3-^ hr is JV-kC?Myi,Bmo.8 U, 250 

mM 3.2 (faytmmtm) &*t?i mL©^ 

JgMWfc, 98.1% ee (S) g±©4-^ n D-3-kl Kn ^>lixf 

o 



2 6 



ftfiE#^ 11-3061390 



10 — 300178 



[0 0 6 7] 

7;i/Xh-7 • 3.— hD77 (Ralstonia eutropha DSM 531) >( 3>lgife 
(^XdpX 5.0 g , 15.0 g, NaCl 5.0 g. K 2 HP0 4 5.0 g / 1 L) "£ 

mmis. #e>tlfcSI^J:yQiagen Genomic-tip (QiagenfcfcJS) £JgV%T, 

t 

[0 0 6 8] 

h—T • 3.- hD77©7t hT-fe^;i/-CoAM7t;^*a^^ (phbB) £ 

- AER-ATG1 : (5' - AGTGGATCCAATGACTCAGCGCATTGCGTA-3' „ @B#I#-*§- : 1 1) S 
tf AER-TAA1 (5' - AACAAGCTTCTCGAGTTAGCCCATATGCAGGCCGC-3' „ SS^'J## : 1 2 ) 

[0 0 6 9] 

h— T • 3-- hU y T (DUZ&foMkZffimt U AER-ATG1, AER-TAA1 
^^^V-ilL/T. PCR (95X3, 30#\ 50TC , l£\ 75 1C , 2#) 30-^-f ? v\ 

[0 0 7 0] 

#e>ftfeDNAWrtf -feBaaHI, HindIII©2aig©ft||S»3R*e2S$g'ft Lfc. £j£ttf 
1 O^&fCj: yW58L/fc^9>^^ F^##-pSE420B £BamHI, HindHITf^MfS 
-ffcU HDWIfi»SRT?2M^fcLfePCRJt*iW>i^T4DNAU^-^^i: y»#ifL, P 
SE-AER1£#£„ 

[0 0 7 1] 

[0 0 7 2] 

[HIM 1 3] h-7 • a-hD7707t hT-fe^;i/-CoAM7t^^ 

*tte^-£>38*g pSE-AERlT'?^M^^L^:^:J^ffi HB101$c (E.coli HB101 (pSE-AE 
Rl) ) &Y>VS/V>50 mg/L & tfLBJgi&7 mL"e^^^#^ IPTG&0.1 mM^ 



£ftliE#¥ 1 1-3061390 



#3* 10 — 300178 



[0 0 7 3] 

fc&tlfcBtffc&fU&ffe, ^ b fcf-#-8 (BI0SPEC*±|g) -etiwu 
[0 0 7 4] 

Hill 3^#£*i£^ifflJMfffi$t£Mv\ HDD7tMtiif;P, T-fe 
[0 0 7 5] 

[*3] 





AASCoA 


ECAA 


S-ECHB 


R-ECHB 




NADPH 


NADPH 


; NADH 


NADP* 


NADP + 


U/mg 


0.984 


2.50 


0.056 


0 


0 




100% 


255% 


5.7% 


0% 


0% 



[0 0 7 6] 

VUUT± Mf|ft3i^^x^-r'-«/3*7C?Sffi ! &aKb, 2.50 U/mg-g 

filt^ot. ^5'^$ FpSE-AERl£^£&V^B101^©»l?tt|f!l#lCig 

[0 0 7 7] 

7-fe h7-fe^;i/-coA{c*fi-§?S'[4«,-4-^ n nrt bWrn^^^^^Mji 

?Stt©39%^h{£^orco 
[0 0 7 8] 

[H5S#Ii 5] h-7 -.3.- hn7r©7t h 7 -fe ^ ;i/-coaMtc^^ 



ffiaiE^^ 1 1-3061390 



#5£ 10 — 300178 

[0 0 7 9] 

[HIM 1 6] h— 7 • hD7707t b T "fe ;i/-CoAM7G@Pii 

100 mMU y 'J'Aiit (pH 6.5) , 1 mMNADP + , 2% (122 mM) HDD 

Mf^X^;i/&t>*li»J 1 3 T*mm VtcP-ThT 2/A-ACP3Stc»3R1 U, 24 
3 mM 2.8 D^3-^flft**»jR (5&I3fe*63Kt«K) £*tfl n»L©M 

JR*67XT?, 99% ee (s) J£U:<z>4-? n n-3-n Fn 

o 

[0 0 8 0] 

SEQUENCE LISTING 
<110> DAICEL CHEMICAL INDUSTRIES, LTD. 



2 9 
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10 — 3001 78 

<120> Method for producing ptically active 4-halo-3-hydroxybutyrate est 
er 

<130> D1-003DP1 

<150> JP 10/126507 
<151> 1998-5-8 

<160> 12 

<170> Patentln Ver. 2.0 

<210> 1 
<211> 244 
<212> PRT 

<213> Escherichia coli 
<400> 1 

Met Asn Phe Glu Gly Lys He Ala Leu Val Thr Gly Ala Ser Arg Gly 
15 10 15 

He Gly Arg Ala He Ala Glu Thr Leu Ala Ala Arg Gly Ala Lys Val 

20 25 30 

He Gly Thr Ala Thr Ser Glu Asn Gly Ala Gin Ala He Ser Asp Tyr 

35 40 45 

Leu Gly Ala Asn Gly Lys Gly Leu Met Leu Asn Val Thr Asp Pro Ala 

50 55 60 



ffial43¥ 1 1-3061390 



#5j2l 0 — 3 0 0 1 7 8 

Ser He Glu Ser Val Leu Glu Lys He Arg Ala Glu Phe Gly Glu Val 
65 70 75 80 

Asp He Leu Val Asn Asn Ala Gly lie Thr Arg Asp Asn Leu Leu Met 

85 90 95 

Arg Met Lys Asp Glu Glu Trp Asn Asp lie lie Glu Thr Asn Leu Ser 

100 105 110 

Ser Val Phe Arg Leu Ser Lys Ala Val Met Arg Ala Met Met Lys Lys 
115 120 125 

Arg His Gly Arg lie He Thr lie Gly Ser Val Val Gly Thr Met Gly 

130 135 140 

Asn Gly Gly Gin Ala Asn Tyr Ala Ala Ala Lys Ala Gly Leu He Gly 

145 150 155 160 

Phe Ser Lys Ser Leu Ala Arg Glu Val Ala Ser Arg Gly He Thr Val 

165 170 175 

Asn Val Val Ala Pro Gly Phe He Glu Thr Asp Met Thr Arg Ala Leu 

180 185 190 

Ser Asp Asp Gin Arg Ala Gly lie Leu Ala Gin Val Pro Ala Gly Arg 
195 200 205 

Leu Gly Gly Ala Gin Glu He Ala Asn Ala Val Ala Phe Leu Ala Ser 

3 1 miE#¥ 11-3061390 



fl¥ 10 — 300178 



210 215 220 

Asp Glu Ala Ala Tyr He Thr Gly Glu Thr Leu His Val Asn Gly Gly 

225 230 235 240 

Met Tyr Met Val 

<210> 2 
<211> 735 
<212> DNA 

<213> Escherichia coli 

<220> 

<221> CDS 

<222> (1)..(735) 

<400> 2 

atg aat ttt gaa gga aaa ate gca ctg gta acc ggt gca age cgc gga 48 

Met Asn Phe Glu Gly Lys He Ala Leu Val Thr Gly Ala Ser Arg Gly 
15 10 15 

att ggc cgc gca att get gaa acg etc gca gec cgt ggc gcg aaa gtt 96 
He Gly Arg Ala lie Ala Glu Thr Leu Ala Ala Arg Gly Ala Lys Val 

20 25 30 

att ggc act gcg acc agt gaa aat ggc get cag gcg ate agt gat tat 144 
He Gly Thr Ala Thr Ser Glu Asn Gly Ala Gin Ala He Ser Asp Tyr 
35 40 45 

3 2 ffifl^ 5 ! 2 1 1-3061390 



10 — 300178 



tta ggt gcc aac ggc aaa ggt ctg atg ttg aat gtg acc gac ccg gca 192 
Leu Gly Ala Asn Gly Lys Gly Leu Met Leu Asn Val Thr Asp Pro Ala 

50 55 60 

tct ate gaa tct gtt ctg gaa aaa att cgc gca gaa ttt ggt gaa gtg 240 
Ser lie Glu Ser Val Leu Glu Lys lie Arg Ala Glu Phe Gly Glu Val 

65 70 75 80 

gat ate ctg gtc aat aat gcc ggt ate act cgt gat aac ctg tta atg 288 
Asp He Leu Val Asn Asn Ala Gly lie Thr Arg Asp Asn Leu Leu Met 

85 90 95 

cga atg aaa gat gaa gag tgg aac gat att ate gaa acc aac ctt tea 336 
Arg Met Lys Asp Glu Glu Trp Asn Asp He He Glu Thr Asn Leu Ser 

100 105 110 

tct gtt ttc cgt ctg tea aaa gcg gta atg cgc get atg atg aaa aag 384 
Ser Val Phe Arg Leu Ser Lys Ala Val Met Arg Ala Met Met Lys Lys 
115 120 125 

cgt cat ggt cgt att ate act ate ggt tct gtg gtt ggt acc atg gga 432 
Arg His Gly Arg He He Thr He Gly Ser Val Val Gly Thr Met Gly 

130 135 140 

aat ggc ggt cag gcc aac tac get gcg gcg aaa gcg ggc ttg ate ggc 480 
Asn Gly Gly Gin Ala Asn Tyr Ala Ala Ala Lys Ala Gly Leu He Gly 
145 150 155 160 

ttc agt aaa tea ctg gcg cgc gaa gtt gcg tea cgc ggt att act gta 528 



miiE#¥ 11-3061390 
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Phe Ser Lys Ser Leu Ala Arg Glu Val Ala Ser Arg Gly He Thr Val 

165 170 175 

aac gtt gtt get ccg ggc ttt att gaa acg gac atg aca cgt gcg ctg 576 
Asn Val Val Ala Pro Gly Phe lie Glu Thr Asp Met Thr Arg Ala Leu 

180 185 190 

age gat gac cag cgt gcg ggt ate ctg gcg cag gtt cct gcg ggt cgc 624 
Ser Asp Asp Gin Arg Ala Gly He Leu Ala Gin Val Pro Ala Gly Arg 

195 200 205 

etc ggc ggc gca cag gaa ate gee aac gcg gtt gca ttc ctg gca tec 672 
Leu Gly Gly Ala Gin Glu He Ala Asn Ala Val Ala Phe Leu Ala Ser 

210 215 220 

gac gaa gca get tac ate acg ggt gaa act ttg cat gtg aac ggc ggg 720 
Asp Glu Ala Ala Tyr He Thr Gly Glu Thr Leu His Val Asn Gly Gly 

225 230 235 240 

atg tac atg gtc tga 735 
Met Tyr Met Val 

<210> 3 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 



11-3061390 



4$:qz 10 — 300178 



<400> 3 

aaaggatcca acaatgaatt ttgaaggaaa aatcgc 36 

<210> 4 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 4 

tgcctcgagt tatcagacca tgtacatccc gc 32 

<210> 5 
<211> 248 
<212> PRT 

<213> Bacillus subtil is 
<400> 5 

Met Asp Met Leu Asn Asp Lys Thr Ala lie Val Thr Gly Ala Ser Arg 

1 5 10 15 

Gly He Gly Arg Ser He Ala Leu Ala Leu Ala Lys Ser Gly Ala Asn 

20 25 30 

Val Val Val Asn Tyr Ser Gly Asn Glu Ala Lys Ala Asn Glu Val Val 
35 40 45 



3 5 



ffifE#¥ 11-3061390 
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Asp Glu lie Lys Ser Met Gly Arg Lys Ala He Ala Val Lys Ala Asp 
50 55 60 

Val Ser Asn Pro Glu Asp Val Gin Asn Met lie Lys Glu Thr Leu Ser 
65 70 75 80 

Val Phe Ser Thr He Asp He Leu Val Asn Asn Ala Gly He Thr Arg 

85 90 95 

Asp Asn Leu lie Met Arg Met Lys Glu Asp Glu Trp Asp Asp Val He 

100 105 110 

Asn lie Asn Leu Lys Gly Val Phe Asn Cys Thr Lys Ala Val Thr Arg 
115 120 125 

Gin Met Met Lys Gin Arg Ser Gly Arg He He Asn Val Ser Ser He 

130 135 140 

Val Gly Val Ser Gly Asn Pro Gly Gin Ala Asn Tyr Val Ala Ala Lys 

145 150 155 160 

Ala Gly Val He Gly Leu Thr Lys Ser Ser Ala Lys Glu Leu Ala Ser 

165 170 175 

Arg Asn He Thr Val Asn Ala He Ala Pro Gly Phe lie Ser Thr Asp 

180 185 190 

Met Thr Asp Lys Leu Ala Lys Asp Val Gin Asp Glu Met Leu Lys Gin 

3 6 ¥ 11-3061390 



10 — 300178 



195 200 205 

He Pro Leu Ala Arg Phe Gly Glu Pro Ser Asp Val Ser Ser Val Val 

210 215 220 

Thr Phe Leu Ala Ser Glu Gly Ala Arg Tyr Met Thr Gly Gin Thr Leu 

225 230 235 240 

His He Asp Gly Gly Met Val Met 

245 

<210> 6 
<211> 747 
<212> DNA 

<213> Bacillus subtil is 

<220> 

<221> CDS 

<222> (1)..(747) 

<400> 6 

atg gat atg ctt aat gat aaa acg get att gtc act ggc gca tec cgc 48 

Met Asp Met Leu Asn Asp Lys Thr Ala He Val Thr Gly Ala Ser Arg 
15 10 15 

gga ate ggc cgc tea ate gee ctt get ctg gca aaa age gga gca aat 96 
Gly He Gly Arg Ser lie Ala Leu Ala Leu Ala Lys Ser Gly Ala Asn 

20 25 30 



11-3061390 
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gtt gtc gtg aac tac tec ggc aat gaa gcg aaa gca aat gaa gtg gta 144 
Val Val Val Asn Tyr Ser Gly Asn Glu Ala Lys Ala Asn Glu Val Val 

35 40 45 



gat gaa ate aaa tea atg ggc aga aaa gca att get gta aaa gcg gat 192 
Asp Glu lie Lys Ser Met Gly Arg Lys Ala He Ala Val Lys Ala Asp 

50 55 60 



gta tea aat ccc gaa gat gta caa aac atg ata aaa gaa aca ttg tct 240 
Val Ser Asn Pro Glu Asp Val Gin Asn Met He Lys Glu Thr Leu Ser 

65 70 75 80 



gtt ttt tct acg att gac att ctg gtt aat aat gcg gga att aca aga 288 
Val Phe Ser Thr He Asp He Leu Val Asn Asn Ala Gly He Thr Arg 

85 90 95 



gac aat etc ate atg aga atg aaa gaa gac gaa tgg gat gac gtc att 336 
Asp Asn Leu He Met Arg Met Lys Glu Asp Glu Trp Asp Asp Val He 

100 105 110 



aac att aac ctg aag ggt gtt ttc aac tgc aca aaa get gtt aca aga 384 
Asn lie Asn Leu Lys Gly Val Phe Asn Cys Thr Lys Ala Val Thr Arg 
115 120 125 



caa atg atg aaa cag cgt tea ggc cgc att att aac gta teg tct ate 432 
Gin Met Met Lys Gin Arg Ser Gly Arg lie He Asn Val Ser Ser He 
130 135 140 



gtc ggc gtc age gga aac cct gga caa gee aac tac gtg get gca aaa 480 



3 8 ffifE^ 5 ! 2 - 1 1-3061390 
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Val Gly Val Ser Gly Asn Pro Gly Gin Ala Asn Tyr Val Ala Ala Lys 
145 150 155 160 

gcc ggc gtc ate ggt tta acc aaa tct tct get aaa gag etc gec age 528 
Ala Gly Val He Gly Leu Thr Lys Ser Ser Ala Lys Glu Leu Ala Ser 

165 170 175 

cga aat att acg gta aac gca ata gcg cca gga ttt ate tea act gat 576 
Arg Asn He Thr Val Asn Ala He Ala Pro Gly Phe lie Ser Thr Asp 

180 185 190 

atg aca gat aaa ctt gca aaa gac gtt caa gac gaa atg ctg aaa caa 624 
Met Thr Asp Lys Leu Ala Lys Asp Val Gin Asp Glu Met Leu Lys Gin 
195 200 205 

att ccg etc gcg cgc ttt ggt gaa cct age gat gtc age agt gtt gtc 672 
He Pro Leu Ala Arg Phe Gly Glu Pro Ser Asp Val Ser Ser Val Val 
210 215 220 

acg ttc eta get tea gag gga get cgt tat atg aca ggc caa acg ctt 720 
Thr Phe Leu Ala Ser Glu Gly Ala Arg Tyr Met Thr Gly Gin Thr Leu 

225 230 235 240 

cat att gac ggc gga atg gtg atg taa 747 
His He Asp Gly Gly Met Val Met 

245 

<210> 7 

3 9 m$E#¥ 11-3061390 
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<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 7 

ggaccatgga tatgcttaat gataaaacgg eta 33 

<210> 8 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 8 

gagaagcttc tcgagttaca tcaccattcc gecg 34 

<210> 9 
<211> 246 
<212> PRT 

<213> Ralstonia eutropha 
<400> 9 

Met Thr Gin Arg He Ala Tyr Val Thr Gly Gly Met Gly Gly He Gly 



maE#¥ 1 1-3061390 



#3* 10 — 300178 
15 10 15 

Thr Ala lie Cys Gin Arg Leu Ala Lys Asp Gly Phe Arg Val Val Ala 

20 25 30 

Gly Cys Gly Pro Asn Ser Pro Arg Arg Glu Lys Trp Leu Glu Gin Gin 

35 40 45 

Lys Ala Leu Gly Phe Asp Phe He Ala Ser Glu Gly Asn Val Ala Asp 

50 55 60 

Trp Asp Ser Thr Lys Thr Ala Phe Asp Lys Val Lys Ser Glu Val Gly 
65 70 75 80 

Glu Val Asp Val Leu lie Asn Asn Ala Gly He Thr Arg Asp Val Val 

85 90 95 

Phe Arg Lys Met Thr Arg Ala Asp Trp Asp Ala Val He Asp Thr Asn 

100 105 110 

Leu Thr Ser Leu Phe Asn Val Thr Lys Gin Val lie Asp Gly Met Ala 
115 120 125 

Asp Arg Gly Trp Gly Arg He Val Asn He Ser Ser Val Asn Gly Gin 

130 135 140 

Lys Gly Gin Phe Gly Gin Thr Asn Tyr Ser Thr Ala Lys Ala Gly Leu 
145 150 155 160 



ffill^ 5 ? 11-3061390 
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His Gly Phe Thr Met Ala Leu Ala Gin Glu Val Ala Thr Lys Gly Val 

165 170 175 

Thr Val Asn Thr Val Ser Pro Gly Tyr He Ala Thr Asp Met Val Lys 

180 185 190 

Ala He Arg Gin Asp Val Leu Asp Lys He Val Ala Thr lie Pro Val 
195 200 205 

Lys Arg Leu Gly Leu Pro Glu Glu He Ala Ser He Cys Ala Trp Leu 

210 215 220 

Ser Ser Glu Glu Ser Gly Phe Ser Thr Gly Ala Asp Phe Ser Leu Asn 

225 230 235 240 

Gly Gly Leu His Met Gly 

245 

<210> 10 
<211> 741 
<212> DNA 

<213> Ralstonia eutropha 

<220> 

<221> CDS 

<222> (1)..(738) 

<400> 10 

atg act cag cgc att gcg tat gtg acc ggc ggc atg ggt ggt ate gga 48 

4 2 11-3061390 
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Met Thr Gin Arg He Ala Tyr Val Thr Gly Gly Met Gly Gly He Gly 
15 10 15 



acc gcc att tgc cag egg ctg gec aag gat ggc ttt cgt gtg gtg gec 96 
Thr Ala lie Cys Gin Arg Leu Ala Lys Asp Gly Phe Arg Val Val Ala 

20 25 30 



ggt tgc ggc ccc aac teg ccg cgc cgc gaa aag tgg ctg gag cag cag 144 
Gly Cys Gly Pro Asn Ser Pro Arg Arg Glu Lys Trp Leu Glu Gin Gin 

35 40 45 



aag gcc ctg ggc ttc gat ttc att gcc teg gaa ggc aat gtg get gac 192 
Lys Ala Leu Gly Phe Asp Phe He Ala Ser Glu Gly Asn Val Ala Asp 

50 55 60 



tgg gac teg acc aag acc gca ttc gac aag gtc aag tec gag gtc ggc 240 
Trp Asp Ser Thr Lys Thr Ala Phe Asp Lys Val Lys Ser Glu Val Gly 

65 70 75 80 



gag gtt gat gtg ctg ate aac aac gcc ggt ate acc cgc gac gtg gtg 288 
Glu Val Asp Val Leu He Asn Asn Ala Gly He Thr Arg Asp Val Val 

85 90 95 



ttc cgc aag atg acc cgc gcc gac tgg gat gcg gtg ate gac acc aac 336 
Phe Arg Lys Met Thr Arg Ala Asp Trp Asp Ala Val He Asp Thr Asn 

100 105 110 



ctg acc teg ctg ttc aac gtc acc aag cag gtg ate gac ggc atg gcc 384 
Leu Thr Ser Leu Phe Asn Val Thr Lys Gin Val He Asp Gly Met Ala 

4 3 ffilE^^ 11-3061390 
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115 120 125 

gac cgt ggc tgg ggc cgc ate gtc aac ate teg teg gtg aac ggg cag 432 
Asp Arg Gly Trp Gly Arg He Val Asn He Ser Ser Val Asn Gly Gin 
130 135 140 

aag ggc cag ttc ggc cag acc aac tac tec acc gec aag gec ggc ctg 480 
Lys Gly Gin Phe Gly Gin Thr Asn Tyr Ser Thr Ala Lys Ala Gly Leu 

145 150 155 160 

cat ggc ttc acc atg gca ctg gcg cag gaa gtg gcg acc aag ggc gtg 528 
His Gly Phe Thr Met Ala Leu Ala Gin Glu Val Ala Thr Lys Gly Val 

165 170 175 

acc gtc aac acg gtc tct ccg ggc tat ate gec acc gac atg gtc aag 576 
Thr Val Asn Thr Val Ser Pro Gly Tyr He Ala Thr Asp Met Val Lys 

180 185 190 

gcg ate cgc cag gac gtg etc gac aag ate gtc gcg acg ate ccg gtc 624 
Ala He Arg Gin Asp Val Leu Asp Lys He Val Ala Thr He Pro Val 
195 200 205 

aag cgc ctg ggc ctg ccg gaa gag ate gec teg ate tgc gec tgg ttg 672 
Lys Arg Leu Gly Leu Pro Glu Glu He Ala Ser He Cys Ala Trp Leu 

210 215 220 

teg teg gag gag tec ggt ttc teg acc ggc gec gac ttc teg etc aac 720 
Ser Ser Glu Glu Ser Gly Phe Ser Thr Gly Ala Asp Phe Ser Leu Asn 

225 230 235 240 

4 4 ffiSE#¥ 1 1-3061390 
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ggc ggc ctg cat atg ggc taa 
Gly Gly Leu His Met Gly 

245 

<210> 11 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 11 

agtggatcca atgactcagc gcattgcgta 

<210> 12 
<211> 35 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 12 

aacaagcttc tcgagttagc ccatatgcag gccgc 



10-300178 
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